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GeoGateway Overview

Online tools for analysis, modeling, and response using geodetic imaging data

Main application of GeoGateway is to analyze and model crustal deformation related to
earthquakes, and measure fault slip

Focus of tools
* Airborne InSAR data from NASA’s airborne UAVSAR platform
* Global Navigation Satellite System (GNSS) position time series, displacements, and velocities

Other tools
* Data layering
* Faults
* Seismicity
* Forecasting
* Modeling
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Data types and products

UAVSAR: NASA’s L-band InSAR platform  GNSS: Global Navigation Satellite System

e cm level detection of surface deformation e Precise position time series
* Has measured e Daily to sub-daily solutions
* Landslides e Accuracies are sub-mm globally
® Levees .
e Subsidence e Provide rates to better than 1 mm/yr
e Earthquakes * Limitations
e Volcanoes e Stations widely separated by 10 km or more
o Wildfire scars e Difficult to infer smaller scale processes
e Glaciers
Other Data Products
e UCERF-3 faults
e Seismicity
e User generated KML overlays
cGeo
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Geographic Coverage

e Global

e Focus on California
e Majority of UAVSAR flights
e UCERF-3 digitized faults
e Abundance of GNSS stations
e Dense Seismic Network
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Limitations

Limitations

e Advantages:
e Designed for rapid analysis of geodetic imaging data
e Allows for context from other data types

e Not suitable for full analysis
e Can download products for further analysis

e Uncertainty quantification is limited
e No stacking of InSAR products (yet)
e User workspace is limited (so far)

e Possible bugs — please file feedback reports!
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Uninhabited Aerial Vehicle Synthetic Aperture Radar

UAVSAR

e An airborne, L-band, fully polarimetric radar, housed in a pod
that is mounted to the belly of a piloted Gulfstream Il aircraft

* Interferometric radar images, or interferograms, are generated
from repeat passes flown over a site of interest

* |nterferometric radar observations
are made from the swaths
received, which are approximately
22 km wide and typically between

Geo 100 and 300 km long
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Basic INSAR Concepts

Basic InSAR concepts

e Selecting data products

e Displaying individual lines
e Color mapping

e Line of sight tool

e Downloading products

e Example from User Guide
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Synthetic Aperture Radar

Radar Antenna

Radar Pulse In Air

Radar Pulse
Sweeping Across
Path

Continuous Stream
of Pulses
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INSAR Phase Difference
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Phase Difference

* UAVSAR raw image pairs 1 m resolution
 UAVSAR unwrapped products 7 m
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Line of sight (LOS)

Each pixel's 3-D displacement vector
is imaged as a scalar,
the projection of the displacement
into the line of sight vector.
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Select Data Products

1. Click on UAVSAR tab

2. Check
Show

Magnitude Disloc Saves Report a Bug Help

Map Tools UAVSAR GNSS Seismicity Nowcast

4a. Select by point or rectangle
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Displaying Individual Lines
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Displaying Individual Lines
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Line of Sight Tool
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Downloading Products

SanAnd_26501_09083-010_10028-000_0174d_s01_L090HH_C2

Description:San Andreas Fault - Salton Trough, CA
Time1:21-Oct-2009 00:21:20 UTC
Time2:13-Apr-2010 17:39:51 UTC

Lines:6404

Samples:20529

Terrain Height 59 736268

GPS Altitude 12495.0015

Peg Head:-95.326483

Peg Lon:-115.538897

Peg Lat 32 903278
Radar Direction:Left
Radar Wavelength:23 840355
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Data Source: NASA JPL Data Center

The NASA data archive at ASF now requires user login

Metadata
« Metadata
¢ Data format

Slant range Products
« Slant range interferogram
« Slant range unwrapped phase
e Slant range correlation
e Slant range amplitude 1
Slant range amplitude 2

Ground range Products
e Ground range interferogram
e Ground range unwrapped phase
e Ground range correlation
e Ground range amplitude 1
e Ground range amplitude 2
e DEM used in ground projection

KMZ of Ground Range Products
o« KMZ of Ground range interferogram
e KMZ of Ground range unwrapped phase
o KMZ of Ground range correlation
e KMZ of Ground range amplitude 1
e KMZ of Ground range amplitude 2
KMZ of DEM used in ground projection
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ownloading Products - UAVSAR

EARTHDATA F y DAA

@ EARTHDATA LOGIN

ALASKA
SATELLITE

'h M. FACILITY

ASF makes remote sensing data accessible

Username @
3
g Password

[ |

@ Stay signed in (this is a private workstation)

@ | don't remember my username
@ | dont remember my password
@ Help

=)

Why must | register?

The Earthdata Login
provides a single
mechanism for user
registration and profile
management for all EOSDIS

system components (DAACs.

fools, Services). Your
Earthdata login also helps
the EOSDIS program better
understand the usage of
EOSDIS services to improve
user experience through
customization of tools and
improvement of services.

Peqpoesy
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{DATA Find a DAAC - A

EARTHDATA LOGIN

My Profile = Sign Out
@ Opening SanAnd_26501.10028-000.10057-100.0078d_s01...

You have chosen to open:

© ..110028-000_10057-100_0079d_s01_LOSOHH_01.Iint.kmz

which is: Google Earth KMZ Document (88.0 MB)
from: Ih 1 alaska.edu

O Redirecting

You are already logged in, and we are redirect]
What should Firefox do with this file?

If you are not redirected, click the button b/

REDIRECT TO APPLICATION

Open with  Google Earth Pro (default)
L save File

Do this automatically for files like this from now on.

concel (KD

For questions regarding the EOSDIS Earthdata Login, please contact Earthdata Support

EZX3 Home Reglster Documentation NASA

NASA Official: Stephen Berrick
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Location Awareness — Useful in the field

La Habra earthquake
| e

 Show location option under
map tools is a feature that will
be available shortly
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UAVSAR - Example

|Step 1: Visit

l
Step 2: Click on the -~ @& -~
“UAVSAR” tab | | seeee

Step 3: Check “show overview”

ow Ove@
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UAVSAR - Example

Step 4: Search for an interferogram (chose one of the following
options)
1. The “flight name/path” directly finds the flight name
and path wanted
2. The “latitude, longitude” option returns all flight paths
crossing paths with those coordinates. In the case of
this exercise, enter 26501 (flight name/path) in the
search window and hit return

Flight name/path (9] ption 1

Latitude, Longitude option 2

*Note options to draw an area or drop a pin
can assist users to finding an interferogram

cGeo l
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UAVSAR - Example
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Step 5: Select the second interferogram & click on the interferogram shown on the map
to activate the LOS tool.
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UAVSAR - Example

Step 6: Input the latitude and
longitude for the starting (A) and
ending (B) points for the LOS.

Note the “Set Layer Opacity”
option, allows for users to
increase or decrease the value for
opacity of the interferogram.

UID: 258 | Heading: -95.326483 | Radar Dir: Left
Layer Found

Hide LOS Plot

Click UAVSAR tile to instantiate LOS plot

Start Lat/lon = 32.6601731¢ = -115.968933

End Lat/lon = 32.68561052 = -115.578920f

LOS Length  36.625

Azimuth  85.6

Update LOS Plot

Set Layer Opacity
L

Value: 50%

Open Data Source
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@) LOS Plot

GRC (cm)
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z San L
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Global Navigation Satellite System (GNSS) Tools

e EMC: Velocity

e Coseismic

e Postseismic

e Displacement

e Model

e Reference station
e Product download

GGEO

ATEWRY



GNSS Tools

Velocities

1. Click on GNSS tab

Coseismic

Map Tools UAVSAR Seismicity

Postseismic

Nowcast Magnitude Disloc Saves
Displacement ReportaBug  Help
Model GPS Data Analysis
Select GPS data
Velocities v

2. Select GPS dat
pzav e \VEL R CER B o0l i Clear GNSS Layers

Latitude = 33.96614226559745
Longitude = -118.10440063476564
3b. Select by Width ~ 1.3343446654595539
Height = 0.7744919225319435
location Ref. Site = CCCC Stations ]
Scale 320

Output Prefix = test

4. Reference
site

Minimize Marker Size
[J Display absolute verticals

Include error ellipses

, = b
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3a. Select by point or rectangle
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Click on a GPS station to view

G N SS TO O ‘ S the time series’ graphs

* Each vector shows the velocity of a  .....cconee L1 |
single GPS station iz ]

* Length of the vector shows how fast | i
the GPS station is moving 55T e

* Vertical displacement is shown by red B, S

> R
(uplift) or blue (subsidence) circles \ DS i
* The larger the circle the greater the ? L
displacement
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G N SS TI m e Se rl e S Vertical intersecting green lines are

locations where there are jumps in

Time series for CIMG. / the data
top graph shows latitude (cm) 4 | | | | | :
versus time (years) \\ i 2- In the top graph, the station moves
S 01 . .
3 closer to the North with time
oy
-6 |
Middle graph shows 2013 2014 2015 2016 2017 2018 2019 2020
. Rate 6.569 +- 0.332 mm/yr Time (years) Repeatability 2.4 mm
longitude (cm) versus 20 fo—— : ' ; * ' —
time (years oy 58 : .
ly ) \ § 12 In the middle graph, the station is
3 . maiiice T ’/ moving to the West with time
Bottom graph shows -~ ] %M%
the Vertical height (Cm) . 20'13 20'14 20'15 20|16 20v17 20118 20'19 2620
Ve rsus tlme (yearS) Rate -27.806 +- 0.282 mm/yr Time (years) Repeatability 3.7 mm
. . . 30 - l
which is relatively 2]
constant 5 18
£ 124
\ S I |
z""" ' Gl |
) 20'13 20'14 20'15 20I16 20‘17 20,18 20I19 2020
Rate -1.723 +- 1.106 mm/yr Time (years) Repeatability 7.2 mm
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GNSS - Velocity

The velocity vectors are
shown as green vectors with
error ellipses

Vertical displacement is
shown by red (uplift) or blue
(subsidence) circles

The larger the circle the
greater the displacement
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GPS Data Analysis

Select GPS data

Velocities v

Latitude = 33.8273
Longitude = -116.1044
Width | 4.0210
Height 36312

Ref. Site | 4-letter code Stations ‘

Scale 320

CJ Minimize Marker Size
[ Display absolute verticals
Include error ellipses

-
-
e
——
-
-
e

-
———
-

M test velocitv_horizontal kml
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GNSS — Coseismic & Postseismic

coseismic

-~ National
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FANTA RDSA uouur.ani 2 s Car ? %
- “1Banta Rosa-san “,
GPS Data Analysis et _ o9
Select GPS data Z > ? i? &
Coseismic v % % oy ?? Ghocolats
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GNSS — Displacement & Model

Displacement (alternative to coseismic)

DINO MOUNTAINS

Map Tools UAVSAR GNSS Seismicity
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Model (alternative to coseismic)
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The Global Positioning System (GPS) is a constellation of 30 satelites which is used for navigation and precise
gecdetic posiion measwremaents. Data from over 2000 receivers have been analyzed at the Jet Propulsion
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test_velocity_horizontal Kml = e o

Data source: GNSS Time Series _=="

Laboratory, California lnstiute of Technology under convact with the Nationsl Aeronausics and Space
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Seismicity

First Feature:

e Display seismic data from USGS
feeds.

e Color coded for age of event,
cooler colors for earlier events,
hotter colors for later events.

e Event size corresponds to
magnitude.

e Click on event for tooltips.
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Map Tools UAVSAR GNSS

Nowcast Magnitude

Disloc Saves Report a Bug

Help

Recent Earthquakes from

USGS

OM > 1.0, Last Day
@M > 2.5, Last Week
OM > 4.5, Last Month

Filter By Magnitude

No Filter

Filter By Depth

Depth < 30km

Seattle o

O
Forland

More
Recen!

MONTANA

Magnitude: 365
Place: 3km ENE of Westmorland, CA
brRADO

Time: 9/30/2020, 1:06:02 PM

NE

El Paso

Hermosillo
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Seismicity

Second Feature:

e Filter to display seismic data from

USGS feeds.

1. Insert latitude and longitude ——,

2. Insert start and end date and time

3. Insert minimum and maximum
magnitude =

GEO

ATEWRY

Search Earthquake Catalog

> Draw an area on map

W Clear USGS Layers

™ MinLat 32.0
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MaxLat 35.0

Max Lon -110.0
=
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Starting Time = 00:00:00
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Multi-Method Layering (1-1)

 Method allows for users to explore
the possible meaning of a feature in
the interferogram that is not
obvious at first glance.
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Multi-Method Layering (1-2

* Figure displays e

1. UAVSAR 12K

2. (kml file) slip data waypoints for | sreen
the El Mayor-Cucapah ) ! O
ea rt h q u a ke1 \ Distance (km)
A ;. 3R
: 7 2
R

Holtville

* The overlay, suggests surface 4 |
fracture ] : e ; . v ‘ ; ERTAL vALL
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Multi-Method Layering (1-3)

* Figure displays

1.
2.
3.

4.

UAVSAR

Seismicity

(kmz file) product of edge detection
analysis

(kml file) slip data waypoints for the El
Mayor-Cucapah earthquake'

 Edge detection product is used to
find surface fractures

* LOS profile shows the detection of
two close “edges” or two upward
jumps in phase (at distance 0.5 and
0.9 km)
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Indicates two separate surface
fractures in close proximity

Source(s): 1. USGS Open File Report 2010-1333
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GeoGateway User Guide

Access website

* https://geo-gateway.org/

USER GUIDE g

 https://beta.geogateway.scigap.org/geogateway_d
jango_app/

User Guide

* Presents and describes the hosted datasets and
models accessible on GeoGateway.

) ) GeoGatewy
* The User Guide allows for users to gain hands on

experience through the inclusion of sample
exercises to complete
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https://geo-gateway.org/

G

Conclusion

GEO

GeoGateway is a data product search and
analysis gateway for scientific discovery, field
use, and disaster response.

GeoGateway focuses on NASA geodetic
imaging products from InSAR and GNSS
integrated with earthquake faults datasets,
seismicity, and models.

Note that GeoGatway offers
additional tools and functions
available on the website as
illustrated on the “Table of
Contents” page from the user
guide.

USER GUIDE

GeoGateway
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Table of Contents

Acknowledgments
GeoGateway Overview
GeoGateway Homepage
Map Tools
KML
UCERF3 Faults
Show State Boundaries
Show Coastlines
UAVSAR
Exercise (Model and Analyze Interferograms)
Global Positioning System (GPS)
Exercise (Produce GPS Velocities, Offsets, and Displacements)
Seismicity
Nowcast
Moment Magnitude Calculator
Exercise (Calculating Moment Magnitude)
Dislocation (Disloc)
Special Studies
Reset Tab
Help Tab

Citations
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